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INTRODUCTION 
The development of a systematic procedure to fractionate cells 
into functional components is important to many current problems in 
biological research. Polyribosomes are of considerable interest since 
it is tr�s cell fraction which is the site of protein synthesis. They 
are unique structures in that they are reported to contain the tran­
scribed genetic information in the form of messenger R�A (mRNA) which 
functions as the binding site for ribosomes in the decoding process. 
A satisfactory isolation o f  polyribosoires provides an opportunity to 
analyze the nature of  this transcribed genetic message and also deter­
mine the extent to which protein synthesis is controlleq by the tra.ns­
lational process. Considerable insight into current theory of  the 
genetic code problem has come about as a re·sult of in vitro synthesis 
systems that have involved isolated ribosomes. 
Nost o f  these advances have been made using single cell organisms. 
Efforts to duplicate these results with higher plants have been 
sketchy. A major obstacle has been an inability to i.nhibit endoge­
nous enzymes that a.re responsible for degrading both synthetic and 
naturally occurring messenger Rt�A (mRNA). Extraction of stable poly­
ribosomes provides reasonable assurance that single-stranded m.Ri."'JA has 
been protected. From such preparations one would also stand the best, 
chance of recovering u..ndegraded transfer RNA (tRNA) which is vital 
in pro tein synthesis but vulnerable to RNase attack. Progress toward 
reducing the influence of nucleases during extraction of pla�t tissue 
has been made by the use of diethyl pyrocarbonate (6, 28). Weeks 
and Harcus (32) have shown that it is an unstable compound although 
an effective one in inhibiting RNase. 
Should there be an interest in the isolation of immediate 
products resulting from the translation of the genetic message, it 
again becorr.es important to isolate stable polyribosomes containing 
nascent peptides. Petermann and Pavlovec (21) have stressed the 
importance of e linri.nating the basic cytoplasmic proteins which can 
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be randomly bound to the ribosomal particles. They found that high 
salt levels during extraction were essential to obtaining stable poly­
ribosorr�s from muscle tissue. Thus it becomes important to not only 
retain the identity of the polyribosorres, but als.o to achieve some 
•. compartmentalization of other cell components. Breen (3) found that 
protecting SH groups was important in stabilizing polyribosomes from 
barley tissue. It is possible to conclude that protection of poly­
ribosomes from SH oxidation would also assure the isolation of soluble 
proteins having minimal structural alterations. Polyribosomal pro­
files would therefore appear to be a convenient neasure of conditions 
necessary for isolation of various unaltered RNA' s and soluble proteins, 
procedures -which often involve prolonged centrifugation procedures. 
Finally, several workers have suggested that an analysis of 
polyribosomal particles has value in diagnosing certain physiological 
states -within the cell ( 7, 8, 10, 12, 14). 
The interpretation of what ·is a satisfactory polyribosome . . 
prepG.ration is a subject of' controversy at present. The "monomer vs. 
subunit pool" controversy is based upon the fate of.ribosomes as they 
complete protein synthesis and whether preformed monomers.or subunits 
bind to mRNA to initiate the process of protein synthesis. Phillips 
et al. (23) support the position that there should not be a monomer 
pool present in polyribosomal extracts, but rather predominantly 
ribosomal subunits. Several others are in opposition to this view 
and claim that the ?OS particles are a true intermediate in the 
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cyclic function of ribosomes and that they are the normal "run-off" 
products of.bacterial polyribosomes engaged in protein synthesis (1, 11, 
17, 18, 19) . They propose that the monomers are inactive in protein 
synthesis. Only a limited amount of data will be presented that can 
be applied directly to this question. Some emphasis is placed upon 
its signifi.cance at this point because it is important in the final 
analysis of what is a truly 1·epresentative population of polyribo-
somes from cells. Further, extraction conditions employed here could 
be altered to yield ribosom:tl subunits, but what was considered an 
acceptable extraction procedure resulted in a prominent monomer peak. 
The development of polyribosome extraction methodology has 
several useful purposes in winter hardiness research. The differential 
effect of cold acclima.tion on genetic expression of hardiness by culti­
vars appears to be an important consideration. The relationship 
between nucleic acid synthesis and shoot groi.Jth following cold 
acclimation has been established for a hardy and nonhardy winter 
barley cultivar (12) . The data suggested that g:rowth curtailment 
might invclve tRNA and a need to· extra.ct this fraction from barley 
tissue. The long proposed involvement of cytoplasmic proteins stable 
to freezing temperatures, as an explanation for survival ·or hardy 
cultivars, has not been investigated from the protein synthesis 
standpoint. 
Breen (3) demonstrated that the extract:i.on of stable 
polyribosomes from a hardy cultivar depended upon proper adjustment 
of pH and KCl concentration in the eA-traction medium. When these 
techniques were applied to a nonhardy cultivar, evidence of poly­
ribosome instability developed, which was initially reported to 
be due to a lack of mRNA production °(12). 
This report contains data·on: (1) gradient and extraction 
conditions important to polyribosome preparation from two barley 
cultivars, • (2) the role of sulfhydryl protectants in polyribosome 
stability, (J) t he contribution of tissue age and genotype to poly-. 
ribosomal stability and its relationship to RNase activity and its 
distribution in tissue, and ( 4) a comparison of hexamer-dimer ratios 
and RNase activity in relation to winter hardiness. 
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MATERIALS AND METHODS 
Growth and Preparation of Plant VJaterial: The experimental tissue 
used in this investigation consisted of etiolated shoots from winte1-
barley seed (Hordeum vulgare L. variety "Dicktoo" or "Tennessee 
Winter"). The seeds were germinated for about 88 hours at 25
° 
which 
resulted in shoots of between 40 and 50 mm in length. The standard 
procedure for germination was to place 40 seeds in a plastic (4 3/8 by 
l� 3/8 by 1 n) box containing a double -thickness of blotter which was 
dampened with 25 ml of 0. 1 mM CaCl solution. Eight boxes were placed . 2 
in a tray and the tray was covered -with 4 mil opaque plastic to main-
tain high humidity during germination in a controlled temperature 
chamber. Germination at 25° was reduced by 24 hours when tissue was 
•
. prepared for cold acclimation. This treatment -involved holding 
seedlings four weeks at o
0
• 
Th9 commonly used sample size was 3 grams of shoot tiss11e per 
· treatment. Prior to harvest the seedlings were cooled to o0 and then 
the shoots were cut off slightly above the juncture with root tissue. 
The excised tissue was folded in alU1T1inum foil envelopes and then 
covered with powdered dry ice for immediate freezing of the sample. 
After about 10 minutes the envelope was removed from the dry ice, un­
folded and placed in an iced-in mortar. Although this step was con-. 
ducted in a cold room, it was still important to handle the sample 
rapidly to effectively pulverize it with the pestle and quantitatively 
pour it from the aluminum .foil into the suspension tube before signifi­
cant thawing occurred. Once the sample was tra:1s.ferred to the tube it 
was warmed to o0 before proceeding to the extraction step. 
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Preparation of Extraction and Resuspension Medium and the Recovery 
of Polyribosomes: The basic extraction medium consisted of 0 . 25 M 
sucrose, 0.05 M Tris-HCl, pH 8. 0, 0. 4 M KCl, 0. 02 M MgAc2 and 0. 005 M 
2-mercaptoethanol. The resuspension medium consisted of 0 . 05 M Tris­
HCl, pH 7.8, 0. 2 M KCl and 0. 01 M MgAc
2
• Solutions for the discon­
tinuous eradients were nade by dissolving appropriate amounts of sucrose 
in the resuspension medium to yield 0.5 Mand 1. 8 M concentration . 
Likewise the 10 and 35% sucrose (w/v) solution for the linear gradients 
were prepared by dissolving the appropriate weight of ribonuclease-free 
sucrose (Mann) in the correct volume of the resuspending buffer. As 
the experiments progressed, it was found essential that fresh solutions 
be made each day. Analytical grade chemicals were used and they were 
dissolved in double-distilled water (glass). Following pH adjustment 
they were i:mmediate_ly placed in the cold room for storage until use . 
Additional variations in these procedures are noted in appropriate table 
and figure legends. 
The extraction of the powdered tissue was initiated by adding 8 ml 
of the extraction medium to each sample in a suspension tube. Once the 
sample was completely wetted, a teflon plunger was used to suspend and 
extract the tissue. This was a.ccomplished by thirty up-down strokes 
simultaneously rotating the plunger between the fingers in about 180° . 
a.res. The suspended tissue was then poured onto a double thickness of 
cheesecloth and strained directly into a centrifuge tube. (As mentioned 
in the Results and Discussio�, this straining step was eventually 
replaced by the filtration through miracloth as shown in Figure 1.) 
All procedures were conducted at O - 2° C .  
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Preparation of Linear Gradients and Analysis of Particle Distribution in 
Sucrose ·Gradients: Figure 1 is a diagram showing the preparative steps 
in the centrifuge for polyribosome purification. The discontinuous 
gradients were prepared by placing 2 ml of 1.8 M sucrose in a Spinco 
Model 40 centrifuge tube and carefully layering 2 ml of O .  5 M sucrose 
above it. The 10 ml sample was divided into two equal portions and 
layered on the 0.5 M sucrose . After pelleting, the polyribosomes 
were resuspended in a 1 ml resuspension medium and layered on the 
linear gradient. Linear sucrose gradients (10-35%) were prepared in 
Spinco 25 . 3  rotor centrifuge tubes using the Isco Model 570 gradient 
former. Analysis of the sample after centrifugation was performed by 
pumping the. gradient through a flow-cell of an Isco UA-2 analyzer and · 
monitoring optical density of 254 mµ. Changes in optical density 
were plotted by a 12" Honeywell recorder. 
Evaluation of Polyribosome Stability: Instability of a polyribosomal 
preparation is initially observed as an increase in the dimer :region 
of the sucrose gradient at the expe�se of particles having greater 
density. The dimer concentration (measured at 254 mµ) as well as the 
relation of the dimer value to that of some more dense particle class 
affords a ·mea·sure of stability. For purposes of convenience in this 
discussion reference will be made to the hexamer-dimer ratio which 
was arbitrarily selected as a measure of relativo polyribosome 
stability. The hexamer band was selected since it was observed to 
be the last class of particles to be consistently resolved in the 
gradient under the experimental conditions employad (See Appendix A). 
Hexamer-dimer ratio of about 2. 0 or above repr·esented stable poly-
Figure 1. Differential Centrifugation of Tissue Preparation 
Centrifugation 
Time 
Force 
..... �--
:}:i:}}}}}}/ 
10 ni.in 
12,000 xg 
::/:/:::::::::::::::/:/::� .. 
•:•:•:•:•:•:•:•:•:-:-:-:-:-:-:-:•:•:•:•:• 
Objective 1 
Removal of 
· cell debris 
l 
· Removal of plas­
tids, mitochondria 
etc. 
*Three mg of deoxycholic acid (DOC). 
150 min 
144, 000 :x:g 
180 min 
144,000 xg 
l 
Dissociation 
of membrane 
I -f 
10% 1 Sucrose wl/ 
l 
� 
l 
Removal of sol- Ribosomal part­
uble cytoplasmic icle separation 
substances 
CX) 
ribosomes, whereas values of 1 . 4 or less were classified a s  unstable. 
A second method of tabulati ng results from polyriboso�..al profile s was 
to determine area percentages of optical density plots corresponding 
to monomer, dimer and greater than dine r ( )  dimer) particles in the 
gradient. 
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The Preparation and Assay of RNase : The assay for RNase activity was 
demonstrated on crude protein extracts obtained from tissues at various 
stages in the preparation of polyribosome s. Concern was focused upon 
residual levels of RNase present in these fraction s which may have 
contributed to tnstability of polyri,bosomes. Therefore the first step 
of tissue extraction was identical to that for poly.ribosome s in con­
trast to procedures reported specifically for RNase (33 ) . The crude 
fractions assayed were : (a) after removal of the 800 xg fraction, 
(b) the resuspended 12, 000 xg pellet, (c) the 12, 000 xg supernatant, 
(d) a protein fraction obtained by re-extraction of the cell debris 
at a lower pH than used initally, (e) the 144, 000 xg supernatant 
fraction (Figure 1), and (f) the polyribosomal pellet.  (These G 
forces were determined at maximum rotor radius. ) Re-extraction of 
the . debris fraction s (b and d) was accomplished by stirring this 
fraction in 5 ml of 0. 01 M sodium citrate, pH 5. 0 containing 0. 5 M 
KCl and again removing the debris by filtration and discarding it. 
The filtrate was used as the source of enzyme. 
RNase assay was carried out by modification of the procedure of 
·ruve and Anfinsen ( 31. ) .. The specific identity o f  the enzyme (s) involved 
was not established but for convenience will be referred to in general 
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as RNase . One unit of RNase activity was defined as the amount of 
enzyme which produced a change in absorber1cy at· 260 mp of  0 . 10 0 . D. 
units. Calculations of activity were based upon the amount of protein 
determined by the Lowry procedure (16 ), using bovine serum albumin as 
a. standard. Deviat ion from the above pro,cedure will be noted in 
appropriate· table and figure legends. 
RESULTS AND DISCUSSION 
Gradient and Extraction Conditions Important to Polyribosome 
Preparation from Two Barley Cultivars: The results shown in 
11 
Figure 2 indicate that the major contributing factor to instability 
of polyribosomes was still the pre sence of the cell debris, as was 
observed by Breen ( J). A 2 0-minute incubation of the polyribosome 
fraction after extraction showed polyribosomes to be less stable 
(Figure 2) -than shown in Breen ' s  data. No satisfactory explanation 
has emerged . to interpret this difference. This result did d emonstrate 
that RNA degrading systems were still operative when the t emperature 
was increased and that optimum extraction conditions perhaps serve 
only to mi�imize the degrading effects of o0 • The fact that the 
polyribosornes were stable after removal of the cell debris but not 
in final suspension suggested an RNase inhibitor may have been 
functional before removal of t he mitochondrial fraction and tn the 
144-, 000 xg supernate. 
It was recognized that the final effect of sucrose gradient 
analysis might be the result of transient changes which oo cur during 
the 7-hour period required to obtain a final plot of data. Adverse 
physical or chendcal conditions resulting from resuspension of poly­
ribosomes, or conditions within the sucrose gradients were considered ' 
as possible obstacles to preparing stable preparat ion .  The result s in 
Table 1 showed that the pH and KCl content of the r esuspension medium 
had no major influence on the stability of polyribosomes. Further , no 
signiricant indication of instability was detected when pH or KCl 
1.4 
1.2 
1 0  
t ' � 0.8
1 
6 
0.6 l 
� 
0 4 
� 
- �  
Top 
: · ! 
: I . 
: I 
: : i 
: I 
2 ' 3 
:··. 
. .  . .  
I ncubati o n  D u r i n g E x t r a c t i o n  
4 5 
Tot a l  homog e n a t e  
(n o n l n c u b ated) 
Tota l  homoge n a t e  
- C e  I I  d e b r i s  
12,000 xg fra ct ion 
144,00 0 x &  fract ion  
. . .  
6 7 
Distance (cm) 
12 
8 9 r 
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Figure 2. The relative stability of polyribosomes isolated from tis- -­
sue in which the extraction precess was interrupted at various extrac­
tion stages by an incubation treatment at 25° for 20 minutes. Three 
grams of 4-day shoots were extracted with a tredium of 0.4 M KCl, 0 . 25 
M sucrose , 0. 02 M MgAc
2
, 0. 005 M 2-mercaptoethanol and 0. 05 M Tris-HCl , 
pH 8. 0. Centrifugation was described in Figure 1 and particle bands 
were detected by a 254 mp scan of the gradient contents. The monomer 
was located 2 cm down from the top of the gradient. · Incubation of the 
total homogenate resulted in an increase of lower polymerized states 
of ribosomes (monomers, dimers etc. ) . and a loss of polyribosomes at 
the bottom of gradient. The minus cell debris treatment showed 
essentially no change when compared to the nonincubated sample . 
Table 1 .  The influence of pH and KCl variations . of the resu spension 
13 -
medium on the particl e distribution of polyribosomes _ f rom Dicktoo in ,, 
a 1 0  to 35% l inear s uc rose gra dient . 
Tabl e 1a . 
pH 7 . 0 7.4 7. 8  8. 2 
Particl e Class
+
(%)  
:Monomer 24. 0 21 .7 22 . 6  22 .8  
Dimer 5. 4 5 . 7  5 . 5  5 .4 
> Dimer 70 .6  72 . 6  71 . 9 71 .8 
Tabl e 1b . 
· i 
KCl (Myt 0. 0 0 . 2  0 . 4 0 . 8  
Partic le class+(�)  
Monome r 3 1 . 5  JO . O  J0 . 1  31 . 5  
Dimer 5 . 2 5 . 6 5 . 4  5 .5 
> Dimer 63 . 3 64. 4 64 .5 63 .0 
Tissue was extracted and gradient analyzed as in Fi gu.1--e 2 . 
+ · Expre s sed as area pe rc entages determined by planimeter t race o f  
recorded optic al density val ues . The dimer fra.cti on eoualed the 
total square inc h area minus t he monomer and di mer area . 
! A� compl ished by res uspending pol yribosome pel lets in 0. 2 ml of 
buffe r  c ontain1. ng the indicated KCl level . All treat m ents were then 
ad justed to 0 . 2  lv:'i KCl in a final vol ume of 1 . 0 ml. 
2 5 0 1 5 2 OUTH DAKOTA STATE UNIVERSITY' LIBRARY 
. , 
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content of the linear gradient was varied (Table 2). Data from 
experiments recorded in this table confirm other experiments showing 
that a pH of 7. 8 and 0. 2 M KCl in both the resuspension of polyribo­
somes and gradient analysis provided satisfactory conditions, as 
reflected by low levels of m?nomer and dimer particles. A beneficial 
effect of fairly high concentrations of KCl in the gradient has been 
reported (20 ). A comparison of resuspension and gradient results with_ 
those shown in Figure 2 indicated that the primary c onsideration in 
recovery of.stable polyribosomes was the removal of cell debris.  
One method of preventing the degrading effect of cell debris 
upon polyribosomes was by the incorporation of SH oxidat�on retard�nts 
(3) .  A compound routinely used for this purpose was 2-mercaptoethanol , 
which is not so effective as di thiothrei tol (DTT ) ( 4) , but was more 
convenient to use due to  greater stability in solution. The data in 
Table 3 show a comparison of varied concentrations of  rre rcaptoetha:nol 
on the recovery and stability of polyribosomes from the cultivar 
Dicktoo when extracted at pH 8 . 0 .  Since a low dimer and a high 
hexamer-<limer ratio is indicative of stability , the 5 rru-1 concentration 
apf;eared to be most satisfactory ; however t the a.mount of monomer 
increa�ed at this concentration , as did the quantity of extracted poly­
ribosomes . This set of  data had an exceptionally low h.eY..amer-dimer 
ratio, which was attributed to one or more of the factors contributing 
to daily variations which are listed later in the paper. 
From Breen ' s work (3) , there was an indication that DTT could 
replace the high KCl c oncentration required ,to i solate stable 
15 -
Table 2. A comparison of the effects of varying the grad�ent pH and 
KCl concentration on the distribution of ribosomal particles . 
Table 2a. * 
Dicktoo Tennessee Winter 
Particle Class (�) 
Monomer 
Dimer 
> Dimer 
Hexamer-Dimer1' 
Table 2b. 
Particle Class+ (%) 
Monomer 
Dimer 
> Dimer 
1' 
Hexamer-Dimer t 
pH 7. 4 
1 9. 7 
3 .2  
77 . 1  
2 . 7 
o . o  
19 .6  
3 .3  
77. 1 
2.3 
7. 8  8 . 2  7. 4 
1 9. 6 20 . 0  20 . 0  
2 .8  2. 8 4. 2 
77.6  77. 2 75 . 8 
2. 8 2.8 1 . 9  
KCl Concentration (M) 
0 . 1 0.2 o . o  
19. 8  
3. 5 
76. 7 
2. 4 
7. 8  
1 9. 4  
3. 9  
76. 7 
1 . 9 
0. 1 
20 . 3  
5. 1 
74 .6  
1 .6 
8 . 2  
20. 5 
4. 7 
74. 8 
1 . 9  
0 . 2  
21 . 1  
4 . 8  
74. 1 
1 . 7 
Tissue was extracted and gradient analysis co�ducted as described 
in Figure 2 except for variables listed in thi s table. 
+ Expressed as area - percentages determined in a plan�meter trace of · 
recorded optical density values . The ) dimer fraction equaled the total 
areas minus the monomer and di:rre r areas. 
. . t Calculated from maximum optical density of peaks two and six which 
correspond to the second and sixth UV absorbing band in the linear 
gradient and expressed as a ratio of hexamer-dimer. 
Table 3 .  The influence of varied levels of 2-merc aptoetha�ol in the 
extraction medium on polyribosomal particles from Dicktoo barley. 
Concentration of 2-Mercaptoethanol (mM) 
Particle Class
+(%) 
1 . 25 2.50 5 . 00 10 . 00 
Monomer 24.2  25. 3 26 . 4  26 .8 
Dimer 6 . o  5 . 4  L� . 6  4 .7  
> Dimer 69 .8 69.3 69. 0 68 .5  
Relative Are at 45.0 44.6 36 .7 38 . 0  
Hexamer-Dimer\ 1 . 3  1 . 5  1 . 6  1 . 7  
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* Added to extraction medium after final pH adjustment in preparation. 
other con:litions for tissue extraction and polyribos omal analysis were 
the same as in Figure 2. 
+ As described in Table 1 .  
t Total area (square inches) urrler the curve from the O . D . scan at 254 
mu of the centri:fuged sample. '!'his value was used as a measure of the 
amount of polyribosomal extract obtained from each treatment. 
!- As. descr·ibed in Table 2 .  
17  
preparations . This conclusion was based upon comparison pf a polyribo-
sorrt:3 profile prepared in the presence of low KCl (below 0 . 4 M) with � 
one havin g low KCl plus DTT. This comparison is not as rigid as the 
standards set for stable polyribosomes in this report . A 20 mM con­
centration of DTI' was selected, based largely on 25° incubation 
experiments of tis sue extracts ( 3 ) . The effectiveness  of varying DTT 
concentration in protecting polyribosone s at low KCl levels as com-
pared with a control, which employed 5 mM mercaptoethanol at 0. 4 N KCl, 
is tabulated in Table 4. This experiment, conducted wit hout incubation , 
showed a stabilizing influe nce (low a.mounts of dimer) as the DTT content 
increased. From diner values it was apparent however, t hat extrac­
tions made in the presence of Dl'T were less satisfactory t han normal 
extractions 1-ri. th me rcaptoethanol and 0. 4 M KCl . These resu..lts 
point out that SH protection may have some sig��ficance but not to 
the extent of replac ing 0 . 4 M KCl in extraction . 
A further attempt to delineate the pos sible role of SH groups 
in polyribosome structure suggested a consideration of pH. Breen 
noted thai;, tissue extraction pH was an important factor in stability 
a.t both 0. 2 and 0. 4 M KCl levels . A relationship might be anticipated 
between oxidation-reduction systems and pH. The e ffectivenes s  of 
DrT in protecting polyribosorre s could well be related to  pH conditions. 
Re s ults in Tables 1 and 2 showed it to be noncritical at t he time 
of polyribosomal resus:p3nsion or during final centrifugation 
It was of interest to note the pH effect after removal of 
18 -
Table 4. The influence of KCl and d ithiothreitol (DTT ) concentration 
in the extraction medium on the stability and extractability of 
polyribosomes from Dicktoo. 
KCl Concentration (M) * 0 . 1  0. 1 0 . 1 o . 4  
DTT Concentration (mM) 0 . 1 1 . 0  10 . 0  o . o  
Particle Class+ (%) 
Monomer 27. 1 27. 8 29 . 7  25. 1 
Dimer 1 1 . 2  7. 5 7. 5 3 .5  
> Dimer 61. 7  64. ? 62. 8  71 . 4  
Relative Area t 57. 1 48 . 2  45 . 1 40 .6  
Hexamer-Dim� r § o .6 1 . 1  1 . 0  2 . 2  
* 
Other gradient arrl extraction conditions same as in Figure 2. + As described in Table 1 .  
-t As described in Table J .  t 
� As described in Table 2. 
the cell debris fraction. This was accomplished by adding increasing 
amounts of dilute KOH or HCl to different pH 8. 0 tissue extracts 
after the straining step, followed by removal of the polyribosornes 
and finally ne asuring and recording the pH. The data shown in 
Table 5 indicated a tendency of the monomer content to increase and 
the dirre r  to decrease as the pH was increased from 7.6 to 8. 2. (It 
was found that after tissue extraction the pH of the 144, 000 xg 
supernatant would drop about 0. 2 pH units from that of the original 
extraction medium. ) These changes in stability of polyribosoroos 
were sma1.l, however, compared to the results where initial extraction 
pH was varied (3) . 
From the data presented in Table 6, the pH of the extraction 
�edium appeared to have little influence upon the effectiveness of 
1- 0  mM DTT in maintaining a low level of dimer. Polyribosome profiles 
from the hardy cultivar Dicktoo showed a progressive reduction in 
dine r content as pH increased from 7.6 to 8. 2. The data for this 
cultivar varied some what from that obtained for the nonhardy Tennessee 
Winter. The proportion of monomer was higher for Dicktoo but pH 
appeared to have less influence on dimer content in Tennessee Winter 
extracts. These comparisons were made only at overlapping pH values. 
The pH ranges ( 7 . 6  to 8.6) were selected partially because of a desire · 
to find an optimum pH for a DTT response and p:1rtially because of an 
earlier indication that Tennessee Winter requi red higher pH extraction 
conditions than Dicktoo for stable preparations. The data suggested 
that m·T had a greater stabilizing influence on Tennessee Winter 
extractions than on Dicktoo and that extraction in the presence 
20 
Table 5 .  The effect of pH adjustment in  the tissue extraction process, 
following removal of the cell debris, on the polyribosomes extracted 
from Dicktoo. 
Particle Class* (%) 
pH
+ 
Monomer Dimer > Dimer 
7 . 6  19 . 1  6 . 3 74. 6  
7. 9 2). 4 6 . 2  70. 4  
8 . 1 · 20 . 7  6 . 2 73. 1 
8 . 2  24. 1 5 . 8 70 . 1  
8 . J 23 . 7  5 . 9 70 . 4  
8 . 5 22 . 8  .5 . 8 71 . 4  
As described in Table 1. Extraction and gradient condi tions as 
desc ribed in Figure 2 .  
+ The pH adjustment of  the filtrate was made by  adding increasing 
amounts of dilute KOH or HCl . The cmnge in pH due to the addition 
of KOH or HCl was measured only on the supernatant fraction ai'ter 
removal of polyribosomes by centrifugation ( 144,000. xg) . 
Table 6 .  The effect o f  varying pH of the extraction medium in the 
presence of 10 mM DTT on the stability of polyribosones extracted 
from two barley cultivars . 
Particle Class* (%) 
Dicktoo 
+ 
Tennessee Winter + 
2L 
Monomer Dimer Dimer Monomer Dimer Dimer 
pH
-t 
7.6 32 .4  4. 4 63. 2 
7.8 29 .2  3. 1 67. 7 
8.0 30. 0  3.0 67. 0 22. 4 2.7 74.9 
8. 2 32. 8 2. 3 64.9 24. 2 2 . 5 73. 3 . 
8 . 4 25. 4 2 . 4 72. 2 
8 . 6'  25 . 5 3. 0 71 . 5  
* 
As described in Table 1 .  
+ Other extra�tion and gradient conditions as described in Figure 2 .  
t 
+ Describes the initial pH of the extraction medium. The se values 
all decreased by 0.2 of a unit, as an effect of cell �ontents , when the 
supernatant of the 144 , 000 xg centrifugation fraction was measured as 
described in Table 5 .  
of 1 0  mM DTT was i nd e:r::e ndent :o:f _pH. Cautio n  wa s giv en to thi s  
i nterpretati o n , howev eT. , ·becaus e  the experime n t s  f or each cultivar 
were run o n  two c o n s ec ut.iv.-e .day..s . The re s ult s  obtained fo r Tennes­
see Wint er appeared t o  . :be -an ··_impro v ement over previo u s  tes t s  o n  this 
c cltivar. 
In th e early s tag-e.- s :o.f thi- s re.searc h ,  day-to-day f luctuation in 
the s tability o f  the p6lyr±b:osomal preparatio n s  were obs erved even 
when optimum c ondi t i on s  :for ·extrac tio n  were u s ed .  Muc h of thi s 
variat io n wa s  eliminated _·qy: ( 1 ) the preparati o n  of n ew solutions 
ea�h day ,  ( 2) s c reen.ing �and eliminatio n  of s ome lots of merc apto­
ethanol , (3 ) s t andardizati o n  u£ proc edure f or c leaning gla s s ware 
i nc ludin g the use of a _ pre .... · s oak in HClO and oven drying after the 
wa s hing and ri n s i ng o perati-on , and ( 4) t he s ub s t it ution of mirac loth 
filtratio n f or c hees ec loth �i n  the removal of c ell debri s .  Many of 
thes e improv eme nt s s ugge s .ted .that t ec hniques which minimi zed micro­
organis m c on t aminatio n .dur ing the preparative proc e s s may have 
eliminated RNa s e  c o ntaminat-i:on . The s e impro v ement s  minimi zed the 
ki nd of daily v ari ations that ·were of ten experienc ed .  
Confirmatio n  of the .s u� pic i o n  that a higher extraction pH was 
required for Ten ne s s ee Wint -er than f or Die ktoo i s  s hown in Table 7 .  
Alt hough a hi gher rat±o was :obtain ed f or Dic kt oo  at pH 8. 4 than at 
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8 .  O ,  a reductio n in p6l;yriba: s o!Tl9 yield wa s  c o n si s t ently obser--'7ed at 
the hi gh pH a s  reflec ted :in -·t-o:tal area und er the c urve. With Tennes­
s ee Wi nt er ,  a pH 8 .  0 extracti·on · result ed i n  a profile havi ng a high 
dimer value and low dimer ·frac t ion , re sulting irt a reduc ed hexamer­
dimer ratio c ompared ·:to -the :-PH 8 . 4  extrac tion. Both extrac t ion 
23 
Table 7. Summary dat a  on the s tability and to tal rec overy _ of 
polyribosome s  from Dicktoo ':1-rrl Tenne ssee Winter barley when extracted 
�tlth medium pH of 8 . 0 or 8. 4. 
pH 
+ Particle Clas s (1b) 
Monomer 
Dimer 
) Dimer 
Relative Area 
Hexamer-Dimer 
* Dicktoo 
8.0 
23 .3  
4. 1 
72.6 
41 . 2  
2. 0 
8. 4 
23. 1 
2. 4 
74. 5 
37. 2  
3 . 4  
* 
Tennes se e  Winte r 
8 . 0  
25. 3 
6.6 
68. 1 
42. 7  
1 . 4 . 
8 . 4  
22. 3  
J . 4  
74 . J  
43. 9 
2. 4  
* Othe r  gradient and extraction c onditions as de scri"bed in F'i gure 2 .  
+ A s  de scribed i n  Table 1 .  
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conditions resulted in about equal 1�ecovery of polyribosome s for this 
cultivar. A pH of 8 . 4  appeared to be a significant stabilizing · force 
in the extraction of polyribosomes from Tennessee Winter. Figure 3 
has been included to show actual O.D. traces from which data in 
Table 7 was obtained. Reference will be made to these data again 
as the subject of winter hardiness is discussed below. 
The Role of Sulfhydryl Protectants in Polyribosome Stability. A 
continued effort was made to determine more specifically the function 
of SH groups in polyribosome stability. The data reported thus far 
did not support the conclusion that it was feasible to substitute a 
SH protectant during tissue preparation for an adequate amount of · 
KCl or proper pH adjustment . of extraction medium. The subject was 
pursued further by exploring a suggestion by Loomis (1.5) that copper­
containing enzymes in plants contribute to the oxidation of SH groups. 
This possibility appeared attractive, since he found that a pH above 
8. 0 effectively inhibited this group of enzymes. An attempt was 
made to inhibit these enzymes by the addition of diethyldithio­
carbamate (DEDTC) to the extraction medium. The data shown in · 
Table 8 demonstrated that this compound actually caused a reduction 
in the hexamer-dimer ratio and that chelation of copper was not a.'11. 
effective means of stabilizing polyribosomas.  
In the absence of  conclusive evidence that DTT addition to the 
extraction medium could completely replace 0. 4 M KCl as a means of 
preparing stable polyribosonB s (Table 4) , a similar e�periment was 
repeated using Tennessee Winter shoots (Table 9). The data once 
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Fi gure J .  The effect of extraction medium pH upon the stability of 
polyribosorre s from a hardy and a nonhardy wi nter barley cultivar. 
Extraction conditions -were as described in Figure 2, ex�ept for 
variation of the extraction medium pH, as indicated . Extracts from 
both cultivars respond to  the higher pH  by lower dimer values ; 
however, the hardy Dicktoo shows reduction in polyribosome yield at 
pH 8 . 4 (see also Table 7). The nonhardy Tennessee Winter requires a 
high pH (8. 4) for extraction of polyribosomes as stable as that of 
Dicktoo at pH 8. 0. No significant reduction in yield. is seen at the 
higher pH fo r  Tennessee Winter. 
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Table 8 .  The possible degrading influence of Cu
++ 
contai
.
ning 
enzyn1es on the extraction of stable polyribosomes from barley shoots 
as measured by the inclusion of DEDTC in the extraction medium. 
DEDTC (mM) * 
Particle Class+ (%) o . o  0 . 1 1 . 0  
Monomer 22 . 6  - 24. J 22 . 0  
Dimer 3 . 5 5 . 8 6 . 2  
> Dimer 73 . 9  69 . 9 71 . 8  
Hexamer-Dine r Ratiot 2 . 1  1 . J 1 . 3 
* The amount of sodium diethyldithiocarbamate (DEDTC) added to 
the extraction medium. other extraction and gradient conditions 
as described in Figure 2.  
+ As described in Table 1.  
1 As calcul.a.ted in Table J.  
Table 9 .  A comparison of  varying levels o f  KCl in the extraction 
medium on the stabilit y of polyribosomes from Tennessee Winter when 
10mM DTT was include d in all treatments. 
KCl Concentration (M) * 
o . o  0. 2 0 . 4  o . 6  
Particle + Class (%) 
Monomer 56. 1 33.8 J2 .6 22. 2  
Dimer J. 0 3. 5 2 . 5  2. 0 
> Dimer 40 . 9  62. 7 64. 9 75 .8  
t 
1 .6  1 .8  2. 6 Hexamer-Dimer RatioT 3 . 1 
* The KCl concentration of the extraction medium. All othe r  extraction 
conditions as in Figure 2. 
+ Calculated as describe d in Table 1 .  
t Calculated as described in Table 2 .  
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again indicated a progressive decline in the diner values as the KCl 
levels inc reased from O to 0 . 6 M at constant 10 M DTT. These values 
contributed to an improved hexamer-dimer ratio, reflecting greater 
stability with increasing KCl concentration. A marked inc rease in 
·monomer concentration was also recorded when no KCl was used during 
tissue extraction . Finally, as has been noticed previously with 
Dicktoo, 0 . 6 M KCl does depress the_ amount o� monomer and dimer. 
This concentration has not been routinely used , however, because 
recovery of polyribosome s is reduced considerably an d  the presence of 
a distinct shoulder on the monomer is thought to be due to ribosomal 
subunits. This reasoning was based upon the assumption that a hi
°
gh 
+t- . enough level of monovalent - ion in tine will replace the Mg which is 
essential in holding the subunit together. Apparently the Mg++ is 
bou_Yld more firmly in higher plants (9) than in bacteria (9, 23). Such 
a replacement would be expected to depend upon concentration and time 
exposure . As judged from an otherwise normal extraction procedure , an 
extraction containing O .  6 M KCl always produced a shoulder on the light 
side of the monomer p:3 ak as well as a reduced level of monomer . 
This replacement idea was examined further by attempting to reduce 
the tirr..e that ribosomes were exposed to these high salt valuos .. The 
results recorded in Table 10 were obtained by adding approximately one­
half the normal volume of extraction medium containing 0.4, 0.5, 0. 6 
or 0 . 8  M KC: to the powdered ti�sue and then immediately readjus ting 
all treatments to 0. 4 M. This method had the advantage o:f c ontinuing 
through the remainder of the extra.ction at a moderate concentration 
Table 10. The influence of high KCl levels on initial extraction, 
followed by imnediate readjustment to 0. 4 M KCl , on the particle 
distribution in a line ar sucrose gradient. 
Particle 
. + Class (%) 
Monomer 
Dimer 
> Dimer 
Hexamer-Dimer Ratio
t 
0. 4 
25 . J 
2 . 6  
72 . 1  
2 . 7  
KCl Com entration (M) * 
0. 5 o . 6  0 . 8  
24. 1  2J . J 20 . 8  
2 . 9 J . 5 4. J 
7J . 0  7J . 2 74. 9 
2 . 5 2 . 2 1 . 9  
* 
Three grams of pulverized · Dicktoo tissue was extracted by addition 
of 5. 0  ml extraction medium containing KCl as indicated. Brief 
homogenization was follo1-red _ by readjustment to 0 . 4  M KCl by addition 
of 5 . 8  ml of extraction medium of appropriate salt content. 
+ Determined as described in Table 2 .  
t 
2· • .,. Determined as describe d in Table 
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of sa lt . Even at the highest KCl level used , there was only a 
sl ig ht subu _-r1it shoulde r  whic h  was typical o f  a norn:al 0. 4  M 
extra ction. 
JO 
Two impo rtant considerations emerged from this experiment. Ona 
su ggested that the bene ficia l  eff ect o f  sa lt levels of 0. 4 M in extrac ­
tion was to structu ra lly a lter the pol vribosomes , thereby providing 
protecti on a gainst RNase degradation and SH oxidatio n . Breen did 
demonstrate that increasing level s of KCl inhibited the activity of 
panc reatic R.Nase on polyribosomes ( 3 ) . The sec ond su ggest io n  was that 
the data provided a ddit ional evidence that these cells c onta in ed a 
monomer pool o f  apprec iable size as proposed by several in vestigat-ors 
( 1 , 1 1 , 17 ,  1 8, 1 9 )  rather than a subunit poo l  ( 13 , 2J ) .  Certainly 
no definitive data are presented he re , and addit ional resea rch is 
required be.fore firm c onclusions can be attained . 
The data in Table 10 su ggested some expe rimental adva-:-ta ges to 
this approach . The rate of re placement of Mg;+ wou ld be expected to 
depend u pon the atomic radii of the monoval ent ions : Table 1 1  c o ntains 
data o f  an ir1i tial test c omparing Li+ , Na + , K+ and NH
4 
+ ions in the 
extrac tion mediur11. Again 5 . 0  ml of extra ction mediu m ha ving a saJ.t 
concentrat ion of 0 . 8 M was a dded to the four powdered ti ssue samples . 
These sampl es we re hel d a bout 5 minutes before adding the remaining 
vol ume to reduce salt val ues to 0 . 4 M. \vbereas it was expected that 
Li+ would replace Mg+i· most ra pidl y ( measured by appea rance _of subunits ) ,  
the prof ile obtained from th� K+ extra ction showed th�t about . 65% of 
the area of the m onomer peak consisted o f  a l ighter c omponent . The 
Table 1 1. The influence of 0 . 8  M LiCl, NaCl, KCl or NH4c1· in t�e 
initial extraction, followed by readjustment to 0 .4 M concentration, 
on the particle distribution in a linear sucrose gradient. 
Chloride Salt 
. + LiCl . NaCl KCl 
Particle Class (%) 
Monomer t 23 . 2 20 . 0  1 5. 2 
Dimer 5. 0 4. 7 l �. 4 
) Dimer 71 . 8  75 . 3 80 . 4  
Hexame r-Dimer Ratio\ 1 . 4  1 . 2 1 . 9 
Extraction procedure as described in Table 10 except for the 
substitution of various salts as indicated. 
+ Determined as described in Table 2 .  
NH4c1 
25 . 7 
3 . 5 
70 . 8  
2 . 1  
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f Monom3 r vaJ.ues in all tables_ are inclusive of a "shoulder" thought 
to be subunit· particles unresolved by the 10 to 35% gradient as seen 
in Figure 2 .  Monomer value in this table for KCl treatment i s  com­
posed of approximately 65% subunit particles, whereas values for other 
treatments vary little from those seen in Figure 2. 
! Calculated as described in Table 2. 
c e ntri fu gation c onditions used did not provide adequate re sol ution 
of the se two pe aks and the re fore a meaningful val ue c oul d not be 
as si gned to · the su bunit fraction . Sinc e the other salts produ c e  
normal but l ower appearing monomer peak s , this approximation appeared 
ju stifiabl e .  The true si gnific ance of this experiment awaits fu rthe r 
expl oration . 
The possibil ity that the function of KCl in the extraction mediu m 
invol ved a structu ral change of polyribosorre s thereby p rotecting them 
from SH oxidation su ggested inve stigation of the SH inf luenc e and 
structu ral change ; The alkylating a.gent N-ethyl mal eimide ( 1{8M) has 
been shown to c au se di s sociation of ri bosonB s into subunit s ( 5 , 25 , 
30 ) . Addition of thi s  c ompou nd to re suspended polyribos o:rre s  re su l ted 
in e s se ntiall y no change in the profil e at the c oncentration s  employed 
(Figure 4) . The c ompound p-hydroxyme rc uribenzoate ( P ·IB )  has been 
shown to be more e ffective in subunit formation than rTEM when added 
to ribos mre s ( 30 ) . The data in Figu re 5 show the effect of adding 
variou s conc entrat ions of PMB to the resuspended pol yribos orre s and 
inc ubatj_ng at 25° for 10 minutes .  The re sult was a si gnific ant shift 
of the monomer t o a li ghter c omponent with l ittl e or no ef fect on 
dime r or hi gher particl e s .  Thi s monomer to s ubunit s hift i s  i n  c on­
trast to the dramatic ef fect of debri s  incu bation ( see Figure 2 )  in 
1-Jhich the polyribosome s  we re de graded with e s sentiall y no change in 
the monome r f rac tion. Since Breen was able to show a protective e ffec t 
of DTT on pol yribosome s du ring debri s incu bation , the s e  re sults sugge st 
that the SH grou ps of monome rs are more subject to attac k by Pl1IB ,  
whe reas those of the pol yribosome s are not d egradated . 
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Fi gure 4. The influence of N-ethyl:rnaleimide (NEM) upon particle 
distribution in a 10 to 35� linear sucrose gradient . Three grams of 
Dicktoo was extracted as in Figure 2, with addition of NEM at various 
concentra.tions to the resuspended polyribosome s .  There was no 
observable change in the particle distribution typical of the basic 
extraction . There was an effect of high O . D .  in the top of the layered 
gradient (due to NEM) which may have nasked any expected shift of 
monoribosomes to subunits. 
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Figure 5. The influence of p-hydroxymercuribenzoate (PKB) upon the 
particle d istri bution in a 10  t o  35% linear sucrose gradient. Three 
grams of Dicktoo tissue 1-..-ras extracted as in Figure 2, wi th addition of 
P}IB to the resuspended polyriboso1tes ;  this resulted in a shi ft of mono 
ribosomes to the lighter portions of the gradient, 1rlth little or no 
er.feet upon the polyribosomes incubated at 25° for 10 minutes. The 
resulting change in monoriboso:rres to subunits increased with increasing 
c oncentrat ions of PHB. Actual ident ificat ion of the light parti cles as  
ribosomal subunits was not feasible in this gradient. 
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There are presently three possible explanations available to 
describe the instability of polyribosomes : (1) several workers have 
observed the detrimental effect of oxidation of SH groups as recorded 
above, (2) Wooding (J5)  has proposed :tha t structural feat.ures of poly­
ribosomes influence their stability, and (J) others have attributed 
instability to contaminating levels of RNase ( 10, 19, 21) • The 
renninder of the experiments described here deal specifically with 
attempts to relate RNase activity to hexamer-dimer ratios. 
The Contribution of Ti ssue Age and Genotype to Polyribosomal Stability 
and its Relat ionship to RNase Activity and Tissue Distribution : 
Results where DTT was included during extraction sugge sted that it • 
might function by reducing some of the disulfide bonds present in 
Rt'Iase , thereby inactivating the enzyme (22). An evaluation of thi s 
possibility was inspected by incubating pancreatic RNase in 10  m!1 
DTT for a period as long as 12 hours at o° C and then adding to it a 
standard preparation of polyribosoma s (Figure 6). The data showed 
little or no inhibitory effect of DTT on enzyme activity. Spectro­
photometric data indicated that some oxidation of DTT did occur over 
a 24-hour period and it was possible that SH groups became oxidized 
again. Further, a lack of a.l"ly inhibitory effect on pancreatic RNase 
was not adequate evidence that the barley enzyme (s)  would respond the 
same way. Figure 6 also shows a typical response of polyribosomes 
to RNase which was similar to profiles where instability was noted. 
Several wo rkers have suggested an increase in R1�ase activity 
associated with incre asing tissue age (10 ,  25, 26 , 29) . Wilson (33, 
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Figure 6 .  Polyribosomal stability resulting from RNase incubation 
with 1 0  mM DTT at 2.5
° 
for varying lengths of time. Thre e  grams of 
Dicktoo tissue was extracted as described in Figure 2, modified by 
the addition of 0 . 5  ml DTT-RNase (0. 5 u.g pancreatic RNase and 10  ml1 
DTT) solution to t he 12, 000 xg supernatant frac tion and followed by 
incubation for 10  minutes at 25°. No observable inhibition of RNase 
acti vity was demonstrated by the DTT treatment .  
J'l 
34) has demonstrated that corn ro ots contain at least three different 
RNA degrading enzymes , one of which (RNase II) was reported to be bound 
to microsomes. He found that by treating the fraction with 0. 5 M KCl, 
the enzyme could be recovered in the soluble fraction. The need for 
routinely using 0 . 4  M KCl to extract stable polyribosomes from barley 
tissue and that KCl inhibited RNase ( 3 ) suggested that this group of 
enzymes needed specifi c  examination. 
An initial attempt to isolate a crude protein having RNase 
activity- was made by examining the 144 , 000 xg su_r:e rnatant fraction 
described in Figure 1. The results shown in Table 12 indicated a 
general increase in activity with increasing tissue age. The data in 
Figure 2 suggested that if RNase actively contributed to polyribosome 
breakdown, it might be predominantly assoc iated with the cell debris 
fraction. The first concern was to explain how certain extraction 
procedures adopted for polyribosome extraction from barley tissue 
might be related to inhibition of this enzyme (s) . 
Wilson ( JJ )  had shown that his RNase prepa,ration had maximum 
activity between pH 5 . 0  and 7. 0 and that activity declined above 
pH 7. 0 .  In view of the fact that polyribosorre extracts were conducted 
at pH 8. 0 or above , it was logical to assurr:e that these high pH values 
were important in preventing breakdown. A c omparj son of pH 7. 8 and 6 � 0 
extraction procedures on RNase activity of barley tissue is shown in 
Table 13. It was of specific interest al.so to d etermine how muc h 
activity remained in the cell debris when the tissue was extracted 
Table 12. The influenc e of seedling age on the · RNase activity in 
Tennessee Winter barley . 
Germination age * Protein+ RNase 1' 
of Tissue (days) (mg/ml) Activity 
4 1. 8 12.5 
5 1 . 7 13. 1 
6 1 . 8 - 13. 1 
7 1 . 5 14. 8 
9 1 . 6  1 3 . 7  
* Tissue extra.cted as in Figure 2, except that the extraction me dium 
was pH 7. 8. 
+ Protein was determined by the Lowry procedure and expre s sed as 
mg/ml. 
t RNase activity described as units/ml with one unit equal to 
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A O. D. ( 0. 1) /hr/mg protein. RNase activity was measured by modi­
fication of Wilson ' s  (33) procedure as modified from Tuve and Anfinsen 
(31 ). One ml substrate-buffer (4. 0  mg/ml Crestfied t-RNA, 0 . 125  l{ caco­
dylic acid adjusted to pH 5 . 7 with H�l ),  0. 4 ml of 1. 0 M KCl, 1 . 0 ml 
enzyme (144, 000 xg supernatant) and water (0. 1 ml) was incubated 1 hr 
at l�o° C. The mixture was cooled on ice ( 5 minutes ) ,  precipitated 
with 0 . 5 ml of 25% perchloric acid containing 0 .  75/; uranyl acetate,' 
centrifuged and the UV absorbency of the diluted supernatant was read 
at 260 mp. 
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Table 13. The influence of the initial extraction at pH -7.8 and 6 . 0  
and re-extraction at p H  6 . o .  on the recovery of RNase from two cell 
fractions of Tennessee Winte r at different stages of germination. 
* 
Second Tissue Extract
+ Germination First Tissue Extrac·t 
(days) ., 
RNase Activityt Protein RNase Acti vity-r Protein 
pH 7. 8 pH 6. 0 pH 6. 0 
4 13. 1 1 .B 13 . 7  0. 7 
4 16. 2  .1 • .5 
7 20.6 1 .2 
8 18 . 1  1 a  20 . 6  0 .5 
8 21. 2 .1 . 2  1 8  .. 5 0 � 5 
* Tissue extracted as described in Figure 2 except at pH 7. 8 or at 
6.0 using 0.01 M sodium citrate and ·0.-5 M KCl . RNase assay conducted 
as described in Table 12 using the t2, 000 xg supernatant fraction as 
the crude enzyme source. 
+ Crude enzyme was obtained by a re-extraction of the debris resultant · 
from the original tissue extraction. Five minutes af'ter the addition 
of 5. 0 ml citrate buffer, the debris · was filtered and t he filtrate 
used as the RNase source . 
f 
t As described in Table 12. 
40 
first at either pH 7.8 or 6 . 0 , followed _by a second extraction of 
the cell debris with pH 6 . 0 buffer . Crude protein thus prepared was 
as sayed at pH 5 . 7 .  The results showed greater activity ( 12 , 000 xg 
fraction) when the protein was removed at pH 6 . 0  than 7 . 8 .  It was 
further demonstrated that if the initial extract was made at pH 6 . 0, 
the second extraction of the debris had lower RNase activity than if 
the tissue was fir st extracted at pH 7. 8 .  These data provided an 
explanation as to -why an extraction at higher pH (8. 0 )  resulted in 
better polyribosomal preparations than at lower pH ·values and why high 
Rl.'.Jase activity was as sociated with the debris at the high pH. Table 13 
also demonstrated that older tis sue contained more fu�ase activity • .  
Table 14  contains comparative Rl'.Jase activity values :for various 
other preparative steps in polyribosorre isolation as outlined in 
Figure 1. All supernatant fractions, following the rem.oval of the 
debris fraction , c ontained the bulk of RNase activity. Since the 
extraction was conducted in the presence of 0. 4 M KCl, such a result 
is consistent with the observation made by Wilson ( 33 )  on the removal 
of R.Nase II from particles by high salt levels. This table also 
shows r�gher RNase activity for 4-day Tennessee Winter seedlings than 
for Dicktoo .  
Sodek (27) has demonstrated that it ��s pos sible to distingui sh 
between R.Nase I and RNase II from wheat seedlings on th e basis of the 
inhibitor effect of EDTA on RNase II. He reported evidence that Zn 
was essential for maximum ac�ivity of the enzyme. An atte mpt was made 
to characterize protein extracts in the 144, 000 xg s upernatant of 
Table 14. RNase activity of the various intermediate .fractions in 
the purification of polyribosomes. 
Preparative 
Fraction: * 
Protein -t- (mg/ml) RNase Activity/ 
41_ 
Dicktoo T. Winter Dicktoo T. Winter 
Supernatant 
800 xg 
Supernatant 
1 2, 000 xg 
Re suspended· 
Pellet 
12, 000 xg 
Supernatant 
144, 000 xg 
Resuspended 
Polyribosomes 
144, 000 xg 
2 . 0  
2 . 0 
2 . 0  
2 . 2  7. 0  9 . 0  
--
2 . 1  7. 2 10. 8  
0 . 0  o . o  
2 . 3 
o . o  o . o 
· * 
Preparative fractions as described in Figure 2 and seen in Figure 1.  
The low centrifugation .force, 800 xg, is an addition to steps in 
Figures 1 and 2 designed to eliminate heavy cell debris. 
+ Calculated as descrited in Table 12.  
t 
t Calculated as described in Table 12. 
Tennessee Winter and the second extraction of the cell debris using 
this observation (Table 1 5 ) . No apparent effect of EDTA treatment 
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was observed nor was a beneficial effect of zn++ addition demonstrated. 
Omission of sucrose from the initial tissue extraction appeared to 
increase the activity in the 144, 000 xg fraction and decrease the 
activity in ·the debris. With this exception, all treatrrents showed 
a higher level of activity in the debris fraction as no ted previously. 
A Comparison of Hexa.mer-Dimer Ratios and RNase Activity in Relation to 
Winter Hardiness : The ultimate objective of this  study was to attempt 
to relate the findings to physiological differences between winter 
hardy and nonhardy genotypes. The two cultivars used re presented the 
extremes of winter hardiness within the winter barley species. Some of 
the features reported were differences in growth and nucleic acid syn­
thesis following cold acclimation of the tissue (12) . These workers 
demonstrated instability of polyribosomes from nonhardy Tennessee Winte� 
but not Dicktoo , when seedlings were treated with azide or dini trophenol 
after acclimation. The difference between cultivars was attributed to 
ability of the nonhardy to grow immediately after a�climation. The 
interpretation was that due to the inhibition of high-energy phosphate 
bond fonnation, a lack of mRNA production resulted. Since these 
polyribosomes were extracted at pH 8 . 0, such an int erpretation mi ��t 
be questioned in view of the pH 8. 4 extraction requirement for Tennessee 
Winter noted in Table 7. The results in Table 1 4 indicated this culti­
var contained a high�r RNase activity which might be related to lack 
of winter hardiness . This nonhardy cultivar is noted for its rapid 
Table 15 .  Attempted characterization of RNase enzymes . 
First filJase Extraction * + Protein$ Enzyme Pre-
(medium composition) incubated at 40° (mg/ml) 
Complete + 1 . 5  
Complete + Add 0 . 4  mM EIYrA 1 . 5 
(- ) Sucrose + 1 . 5 
(+) 0. 4 mM ZnC12 + 1 . 5 
Second RNase Eictraction'f 
Complete + o . 6  
Complete + Add 0. 4 rnM EDTA 0. 5 
( - )  Sucrose + o . 4  
(+ ) 0 . 4  mM ZnC12 + 0. 5 
RNaseB 
Activity 
9. 9 
9. 0  
10 . 8  
9. 2 
1 1. . 8 
12. 0 
10. 5 
1 1 . 4  
* 
Extraction as described in Figure 2, except at pH 7 . 8, with variations 
of extraction medium com.position as indicated . 
+ Incubation of enzyme for 30 minutes (with addition of EDTA as indicated) 
prior to addition of enzyme to substrate. 
J Calcu..lated as de scribed in Table 12 . 
J Calculated as described in Table 12. 
,r As described in Table 1 3, except w.i th use of 0. 1 M sodium acetate and 
without KCl in the extraction medium. 
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response to warm temperatures following acclimation (12) . Barnard (2) 
has suggested that high RNase activity is associated with rapid 
nucleic acid and protein synthesis. Unpublished results have shown 
that following cold acclimation , the problem of polyribosome 
stability is increased for Tennessee Winter. These factors suggested 
some value in attempting to relate winter hardiness ratings to the 
stability of polyribosomes both befQre and after cold acclimation. 
Such a study was feasible as a result of the availability of 33 
progeny lines derived from a Tennessee Winter x Dicktoo cross made 
by Dr. Phil Price (see Appendix B) . F6 seed of this cross was sent to 
Dr .  Brown , University of Illinois , in 1966 for field winter testing. 
As a result of this one year winter hardiness testing , the progeny 
lines were placed into four hardiness groups as shown in Table 16. 
The stability of polyribosomes was examined by techniques outlined 
in Figure 2 ,  except that a pH 7. 8 was used in an attempt to emphasize 
the differences that might exist. At this extraction pH, Dicktoo 
consistently had a hexamer-dimer ratio of 2. 0 ,  while the value for 
Tennessee Winter was 0. 8. As can be seen from an inspection of 
Table 16, the progeny hexamer-dimer values ranged from about 2. 0 to 0. 8. 
'I'hese values were reduced slightly following acclimation except for 
progenies 5 , 1 7  and 227. If any relationships existed between winter 
hardiness and polyribosome stability, one would expect Group IV to 
have the highest hex�er-dimer ratios . The results showed that such 
a relationship did not exist. 
Table 16. A stability index of acclimated (A )  and nonacclimated (NA )  progeny seedlings. 
Table 16a. Group I (0-2% Winter Survival) 
Progeny+ 107 166 226 5 126 144 262 264 138 176 
;-
96 96 Germination (hrs ) t  91 95 93 93 93 97 95 95 
C' 
Hexruner-Dimer (NA )' 2. 1 2. 0 2. 0 1. 9 1 . 8 L 6 1 . 6 1 . J 1. 2 1. 1 
Hexamer-Dimer (A) 4! 2 . 0  1 . 3 1. 9 2. 0 2. 4 1. 4 1. 4 0 . 5 o. 6 o . 6  
Table 16b .  Group II  ( 5-25% Winter Survival) 
* 
Progeny+ 10 16 205 227 103 248 209 38 137 
Germination (hrs )t 94 96 92 107 97 93 ... 95 
I 
92 93 
Hexamer-Dimer (NA )% 1 ; 9 1. 2 1 . 2 1 . 1  1 . 1  L O  1 . 0  0 . 9 0 . 8  
Rexam.er-Dimer tA)% LJ  L o  LO L4 d . 4  0 ; 6  0 ; �  0 ; 7 <L B 
* Groups I and II are based upon wi.nter survival result s described in Appendix B. 
+ Progeny are the result of a Dicktoo x Tennessee Winter cross as described in Appendix B. 
+ Germination time is  that necessary to yield 3.0 g of tissue ( shoots 40-50 mm long) upon 
harvest. 
� Hexamer-dimer ratio from tissue extraction at pH 7.-8, wi. th calculations as in Table 2. 
276 
94 
1 . 0  
1 . 0  
{::" 
V\ 
Table 16c . Group III (30-50% Winter Survival) 
* 
Progeny + 139 1 7 216 245 253 190 
Germination (hrs )t 95 92 95 96 93 92 
Rexam.er-Dimer (NA)� 1 . 8  1 . 7 1 . 7 L 5  1 . 4 1 . 1  
Hexamer-Dimer (A) � 1 . 4 1 . 8  1 . 1  1 . 3 0 . 7 1 . 1  
Table 16d.  Group IV (55-80% Winter Survival) *  
Progeny 
+ 252 65 48 172 7 148 ' 
Germination (hrs )t 93 96 95 96 92 96 
Hexamer-Dimer (NA) ; 1 . 7 L 2 1 . 1  0 . 9 0 . 9  0 . 8  
Hexamer-Dimer (A) � 1 . 7 0 . 9  0 . 5  0 . 9 0 .. 9 0 . 7 
* Groups III and IV a�e based upon winter survival field results described in Appendix B .  
+ Progeny were eArtracted with nedium pH 7. 8 ,  all other aspects being as  in  Figure 2 . 
! Germinating time is that necessary to yield 3 . 0  g of ti ssue (shoots 40-50 mm long) upon 
harvest. 
, Determined as described in Table 2 .  
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Progenies were selected from Table 16 which covered ·the complete 
range in winter hardiness and polyriboso�e stability for a deter­
mination of -RNase activity (Table 1 7). The data showed that a high 
hexa:rrer-dimer ratio 1.ra.s closely related to low levels of RNase 
activity and the converse was also true. There appeared t o  be little 
or no relationship between the enzyme activity and winter hardiness 
ratings of individual progeny lines. 
Finally, it was possible to show that those lines having low 
hexamer-dimer ratios when extracted at pH 7. 8 also had low ratios at 
pH 8.0 . However, when the extraction was done at pH 8 . 4  ( Table 18) 
then lines could be classified as having stable polyribosore s. The 
effect of extraction pH on the progeny lines appeared to be similar 
to the data reported in Table 7 for the parents. 
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Table 17 .  RNase as say o f  a hardy and a nonhardy winter barley c ultivar 
and their progeny in c omparison t o  the stability of polyribo some s  and 
wi nter survival ranking. 
Gultivar Winter * Hexamer-Dimer+ Protein { 
or Line % Survival P.atio (mg/ml) 
107 1 2 . 1 1 . 3 
226 2 1 . 9 1 . 4 
252 70 1 . 7 1 . 2  
253 50 1 . 4  1 . 4  
205 10 1 . 2 1 . 5  
190 50 1. 1 1.4 
7 70 0.9 1 . 4 
38 20 0 . 9 1 . 3 
137 5 0.8 . - 1 . 4  
Dicktoo 80 2 . 1 1 . 2 
T .  Winter 0 o . 8  1 . 5 
* 
Winter suri,i val rankin g as de sc ribed in Appendix B .  
-i· Calculated as in Table 2.  
t 
t Calc ulated as in Table 13.  
RNase j 
Activity 
1 1 . 5  
13 . 3  
15 . 2  
16. 7 
16.7  
1 6 . J 
18 . 6  
18 . 11, 
18 . 4  
13 . 0  
18 . 0  
� R.Nase activity as sayed as in Table 1 3  with the use o f  the 
144 r 000 xg supernatant fraction as an enzyme source . 
• . 
Table 18. A comparison of extraction pH on the hexamer-dimer ratio 
and polyribosome recovery fr�m progeny selections of a Tennessee 
Winter x Dicktoo cross . 
* 
Stability
+ 
Hexamer-Dimer: Relative Area§ Progeny 
Index Ratio 
pH 8 . 0  8 . 4  8 . 0  8 . 4  
107 2 . 1 2 . 1 - 3 . 1  31 . 0  35. 6 
252 1. 7 1. 8 J . 1 36 . 4  37 . 7 
190 1.1  1. 1 1 . 9 56 . 7  53 . 7  
248 1 . 0  0 . 9  1. 7 55. 9  56 . 5 
7 0 . 9  1. 2 1. 7 34 .• 8 33 . 4  
137 0 . 8  0 . 9  1. 7 31 . 8  37 . 9 
* 
See Appendix B .  
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+ Hexamer-dimer ratios of listed entries from Table 17. Extraction 
conditions (pH 7. 8) and gradient same as in Table 17. 
+ 
-t As calculated in Table 2a and 2b . 
§ Square inches determined from a plani meter trace o� total trace 
for each sample .. 
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consistent relationship between polyribosome stability, Rl�ase content 
and winter hardiness. The results did show a close relationship 
between high enzyme activity and polyribosome stability. The refine­
rent of these extraction procedures appear useful in extending winter 
ha,rdiness research into other areas of m.olecular biology. 
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CONCLUSIONS 
Several of the details re quired for the extraction o f  stable 
polyribosomes from barley tissue have been examined. Compounds which 
prevented sulfhydryl oxidation were shown to be important in pro­
tecting polyribosomes against degradation. The specific role of 
sulfhydryl groups in stabilizing polyribosorres was not establi shed , 
but when compared to optimum pH or KCl conditions of the extraction , 
the oxidation retarda.nts appeared to  have ohly a secondary role in 
· stabilization. The function of KCl in this system remains u_nclear ; 
however, the one new suggestion which emerged was that 0. 4 KCl might 
be important in the configuration of polyribosomes . Protection was 
viewed as preventing degrading systems from entering vulnerable sites . 
The data on pH effects were equally difficult to assess � It could 
complement the proposed effect of KCl, yet specific data on RNase 
activity suggested that a pH of 8. 0 or above assi sted in the removaJ_ 
of degrading enzymes from the polyribosomes or in reducing their 
activity. 
RNase was shown to be at least one explanation for loss of 
stability and that preparations having a low hexamer-dimer ratio 
usually c ontained the hi ghest level of enzyme activity . An extraction 
of pH 8. 4 served to counteract the enzyme during extraction. 
The nonhardy cuJ.tivar had the least stable po1yribosomes and the 
highest �evel of RNase when c ompared to the hardy one 9 The suggested 
rela,tionship of these traits to winter hardiness appeared unfounded ,  
however, since progeny lines derived from these parents showed no 
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APPENDIX A 
THE IDENTIFICATION OF THE POLYRIBOSOMAL COMPOSITION OF THE 
PENTAMER-HEXAMER REGION OF A 10-35% SUCROSE LINEAR GRADIENT 
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A need was anticipated to more directly identify the polyribosomal 
regions (dimer, trimer, tetramer, pentamer, hexamer, etc . )  in the 
sucrose gradient as actually being composed of two, three, four, five, 
or six ribosomes .  The electron microscope seemed to provide a very 
tangible and promising approach. 
Following regular isolation and centrifugation of polyribosomes 
in a 10 to 35% sucrose gradient, drop fractions were collected on a 
microscope cover-slip, duri ng the UV analysis of the gradient . The 
fraction examined corre sponded to the pentamer-hexamer region of the 
gradient. A collodian-coated, carbon-shadowed, JOO-me sh copper grid 
was placed over a drop of the suspension on the cover-slip . After 5 
minutes the sample was rinsed five tire s with the regular resuspension 
medium in preparation for staining . A 1% uranyl acetate solution was 
added to the sample which was then held for 20 minutes . The stain was 
removed by rinsing five times 'With distilled water and the s ample was 
air dried . The following micrograph was taken with an RCA-MU3 electron­
microscope at tap 7 (approximately 40, 000 x )  with magnification 8 x 1. 
It is of pro .. ticular interest to note tha.t most polyribosomal 
aggregates are composed of 5 or 6 ribo some s  and arranged in a circle 
or in rows . This arrangement i.s unexplained, however, Wooding 
(Ultrastructure Research 24 : 1 57-164, 1968) identi.fied ribo somes 
arranged in helices in secondary phloem of Acer pseudoplatanus and 
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su�gested that they may represent an inactivation and storage of 
the ribosorre s in response to  some environmental influence .  In the 
electronmicrograph . it is possible to see ribosomal aggregate s 
ranging in si ze from one to eight ribosomes .  There may well be 
artifacts of the preparation for the electronmicroscope or they 
may represent inc omplete separation in the centrifugation proce s s .  
Electromicrograph o f  polyribosome s  from the pentamer-hexamer region 
of a 1 to 35% linear sucrose gradient. 
APPENDIX B. 
THE DEVELOPMENT OF 33 _EXPERIMENTAL PROGENY LINES -FROM A 
TENNESSEE WINTER X DICKTOO WINTER BARLEY CROSS 
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Many attempts involving both chemical and physical models have 
been m ade to explain winter hardines s  of plants. These attempts have 
often tended to characterize more than to explain winter hardiness. 
The objective of winter hardiness p�oject (H-322) wa·s to biochemically 
examine cell components of a representative hardy and nonhardy culti­
var, both before and a£ter cold acclimation, in an attempt to deter­
mine their physiological differences which could be related to winter 
hardiness. The si gnificance of such differences might well be deter­
mined by measuring these traits in progeny which had been field tested 
for winter hardine ss. Dr. Philip Price, USDA barley breeder, USDA, 
a.greed to develop such experimental lines .  In the spring of 1961, 
reciprocal crosses of  the winte r barle y cultivar Dicktoo (C. I. 5529-
hardy) and Tennes see Winter (C. I. 6034-nonhardy) were made in the 
greenhouse. 
· In the spring of 1962, the F 1 
seed were planted in the greenhouse. 
The Dicktoo x Tenne ssee Winter cross appeared to be lethai, since only 
three seeds were obtained. The seeds died in seedling stage after 
germination. Therefore, all resulting progeny are derived 1·rom 
Tennessee Winter x Dicktoo crosse s .  The F
2 
seeds were harvested, 
pooled, and sent to Mesa, Arizona, for increase in -the -ra11 of 1963. 
This increase yielded 24 pounds of seeds upon bulk harve st. 
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In February of 1964 , four pounds of the 24-_pound lot· were 
germinated in a growth chamber (three days) and then vernalized for 
four weeks. The seedlings were transplanted in the field of the 
Agronomy Farm (Brookings) in early April. Since the objective was to 
obtain lines having a diversity of genetic types which might repre­
sent a complete range of winter hardiness from Dicktoo to Tennessee 
Winter , the following selections were made . Each selection consisted 
of 300 heads based upon the following characteristics: leaf width, 
plant height, head type, seed color, and size. On the bases of these 
morphological traits the selections were divided into three groups: 
Dicktoo-like (progenies O to 1 5),  Tennessee Winter-like (progenies 16 
to 45) , and interr,iediates _ (progenies 46 to 300). From this point on, 
all lines were maintained a.s pure line selections. 
These progeny lines were sent to Yuma, Arizona, and planted 
November 24 and 25 , 1 964 for F5 increase . (These plantings were a 
cooperative arrangement with Dr . A .  D. Day, University of Arizona, 
with the technical assistance of Mr. Fred Carasso at the Yuma Branch 
Station. ) The F5 seed from 47 progeny lines was harvested by 
D. G .  Kenefick on ¥.iay 20 and 21 , - 1 965 . These selections were made 
using more specific morphological c haracteristics of Dicktoo and 
Tennessee Winter as outlined in USDA Technical Bulletin No. 1224, 
G .  A. Wiebe and David A .  Reid , 1958 (Table 1) .  As before no assui-np­
tions were made of any relatio�ship between these traits and winter 
hard iness but rather ·that the population consist of progeny representing 
both parents .  
61_ 
Three grams of seed from eac h line were - sent to Dr . Charles 
Brown , University of Illinots, on August 12 , 1966. Fall growth and 
winter survival of the 47 progeny lines as well as for _Dic ktoo, 
Tennessee Winter and Hudson chec ks , were determined at Urba.na. 
(One-half of the wi nter testing was conducted at DeKalb, Illinois, 
but complete winter-kill eliminated the data at this test site. ) 
From this test 33 progeny lines were selec ted and the results of the 
Urbana testing are shown in Table 16  of this thesis. 
Table 1 .  Morphological features of parents used in the s election of 
47 F 5 progeny lines ( Yuma , Arizona). 
Dicktoo 'Tennes see Winter 
Feb . 5 growth (Yuma) low vigorous 
Heading date late early 
Leaf width narrow wi de 
Harvest height 26-JO" J5-49n 
Spike lax, dense & short lax and long 
Kernel bluish white 
Collar closed modified and 
Extensi ve field notes as well as laboratory data have been 
recorded on these lines by Mr .  Carasso. 
mixed 
